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ABSTRACT 



The goal of this guide is to provide resources for teachers 
and trainers to use in helping students improve their scientific thinking and 
problem solving skills in real-life situations. Each activity is 
characterized by inquiry-based learning, process skill development, and 
gender equity considerations. Topics for activities include problem solving 
through design, simple machines, electricity, heat, and liquids. Appendices 
contain references, resources, basic scientific principles, selected science 
proficiency outcomes, and a matrix of learning activities and process skills. 
(DDR) 



* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



Note to Non-Science Teachers and Other 
Professionals 

Science is a topic that is sometimes under-emphasized especially in 
elementary-level classroom. In addition, some educators who teach 
science may feel unprepared to lead lessons in a content-rich subject 
like science. However, the information in this book is designed to 
empower anyone — even non-science teachers — to teach science. 

In Fun with Physics: Real-Life Problem Solving for Grades 4-8 , scientific 
background is presented succinctly and in an easy-to-read format. Even 
the learning theory behind the practical exercises is explained and 
modeled for the reader. In addition, the books activities are hands-on 
and minds-on,” drawing students into their own learning. And the 
exercises have been tested successfully in both science and non-science 
classrooms, demonstrating that you, the teacher, do not have to be a 
physics expert. You can learn along with the students and relieve 
yourself of the pressure to know all the answers. If mistakes are made in 
completing the activities, so much the better! Learning has still taken 
place because trial-and-error is a very effective teaching method, not to 
mention problem-solving process. Thus, anyone — from veteran science 
teacher to inexperienced professional — can feel comfortable using any 
section of this resource. 

So relax and let the learning begin! Ask questions, predict, and observe 
with your students. We believe that both you and your students will 
have fun and become scientific thinkers and problem solvers in the 
process! 

Scientifically yours, 



Authors and pilot teachers, Fun with Physics 

RS. If, after reading through the activities, you have questions, we 
encourage you to seek help from someone in your school or your 
district. Many people would be delighted to support your efforts, but a 
science teacher may be the most helpful. If you cannot find assistance 
within your district, feel free to contact one of the book’s contributors. 




- u v 4 



Notice to the Reader 



The reader is expressly warned to consider and adopt all safety 
precautions that might be indicated by the activities herein and to avoid 
all potential hazards. 

The publisher makes no representation or warranties of any kind and shall 
not be liable for any special, consequential, or exemplary damages 
resulting, in whole or part, from the readers’ use of or reliance upon this 
material. 

This publication was funded by an Ohio School-to-Work Office Systems 
Building Grant from the U.S. Department of Labor. The contents do not 
necessarily reflect the views of the U.S. Department of Labor or any other 
governmental agency. 

As equal opportunity employers and service providers, it is the policy of 
the U.S. Department of Labor, the U.S. Department of Education, and The 
Ohio State University and supporting agencies to offer educational 
activities, employment practices, programs, and services without regard to 
race, color, national origin, sex, religion, disability, or age. 



©Copyright 1999, Vocational Instructional Materials Laboratory, Center 
on Education and Training for Employment. All rights reserved. Teachers 
may duplicate the learning activity worksheets fqj: classroom use. 
Duplication of other pages is prohibited. ^ 





Preface 



Project Overview 

Fun with Physics: Real-Life Problem Solving for Grades 4-8 was developed 
with funding from an Ohio School-to-Work Systems Building Grant. The 
goal was to develop resources for teachers and trainers to use in helping 
students improve their scientific thinking and problem-solving skills in 
real-life situations. 

This book, and its companion volume, Fun with Physics: Real-Life Problem 
Solving for Grades K-3, were co-written and piloted with a diverse group of 
teachers and teacher trainers. In addition, fifty K-8 teachers provided 
practical input for the books through a week-long Applied Technology 
Institute. During the Institute, they learned to teach problem solving with 
physics and made worksite visits to learn how academics are used at work. 

Both books are distributed by The Ohio State University’s Vocational 
Instructional Materials Laboratory (VIML), a division of the College of 
Education’s Center on Education and Training for Employment. Similar 
books for grades 9-12 and adults, which support the ACT Work Keys 
System, also have been developed and are distributed by the VIML. The 
sales office can be reached by telephone at 800/848-4815 or fax at 
614/292-1260. 

In-Service Training 

The VIML provides coaching and training that will prepare teachers and 
trainers to effectively use the Fun with Physics books and other VIML 
publications. Workshops in problem solving with physics and math for 
grades 9-12 and adults working in industry are also available. For further 
information about these services, contact the VIML directly at 
800/848-4815 or 614/292-8300. 
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About This Book 



Purpose 

Many teachers want to prepare students to be effective problem solvers, 
but they don’t have the time or the expertise to design the necessary 
learning strategies. Fun with Physics: Real-Life Problem Solving was 
developed as a practical guide and resource for these teachers. Its easy- 
to-read format and classroom-tested learning activities can also be 
adopted by professionals outside academic settings including school-age 
child care programs and youth groups. 

The following parameters guided the authors as they created Fun with 
Physics: 

► Fun with Physics was written for non-science teachers. You can 
make full use of this book without any formal training in physics or 
other science areas. Still, even formally trained physics teachers will 
find value in this book’s practical focus on applications to real-life 
situations. 

► Fun with Physics gives teachers a brief background about the key 
scientific principles involved in the learning activities. It does not 
provide in-depth information about those principles or a 
comprehensive list of the scientific principles involved in solving 
real-life problems. Such a list does not exist. However, a brief list of 
basic scientific principles was compiled by Fun with Physics pilot 
teachers. See Appendix C, pp. 318-326. Also, resources that 
provide more detailed information are provided in Appendix B, pp. 
299-317. 

► The skills addressed in Fun with Physics are intended for all 
students — not just those who plan to study in technical areas, 
because almost everyone encounters physics-related problems that 
demand to be solved. A few such challenges are fixing toys and 
bicycles; operating copy machines, computers, and VCRs; and 
repairing toilets. 

► Fun with Physics supports what teachers are already doing by 

offering ideas and materials for achieving their current goals and 
objectives. It is not a new program or a new curriculum. Rather, it is 
a resource that complements existing instructional efforts. 








► Because Fun with Physics is not meant to be a complete curriculum, it 

supplements the established curriculum by giving teachers a wide 
variety of learning activities from which to choose. 

► Fun with Physics was designed to help students become more 
effective problem solvers, which involves skills that have been 
identified in national standards and are measured by state 
proficiency tests. Therefore, the National Science Education 
Standards and the Benchmarks for Science Literacy were considered 
in the book’s development. 

► Each learning activity in Fun with Physics notes the specific Ohio 
Science Proficiency Outcomes that it addresses. Proficiency 
Outcomes are listed in Appendix D, pp. 327-329. 

► Fun with Physics’ activities allow students to solve real-life problems 
that involve physics principles associated with simple machines, 
electricity, heat, and liquids. 

Structure 

Fun with Physics includes a wide variety of information that will help you, 
the teacher, provide students with highly effective instructional 
experiences in scientific thinking and problem solving. 

The information provided in the Where Do I Begin? section will help you 
figure out how to start using the ideas found in Fun with Physics. 

In the Learning Concepts and Strategies section, you will find 
information and insights about relevant learning theories and their 
practical applications, such as inquiry-based learning, process skill 
development, gender equity, various instructional strategies, and 
assessing student learning. 

The Learning Activities section is divided into five categories: exploring 
design, exploring simple machines, exploring electricity, exploring 
heat, and exploring liquids. An index of learning activities is included in 
each section. 
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The appendices contains a variety of support materials to help you use 
and extend the concepts and activities provided in this book. These 
appendices include: 

► References (Appendix A) 

► Resources for Teachers and Students (Appendix B) 

► Basic Scientific Principles (Appendix C) 

► Selected Proficiency Outcomes (Appendix D) 

► Matrix of Learning Activities, Proficiency Outcomes, and Process 
Skills (Appendix E) 



1 
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Where Do I Begin? 



* 



Congratulations on deciding to use Fun with Physics as a resource for 
helping students with science-related learning! The only question is: 
Where to begin? That was a difficult question for the authors to answer, 
because everyone using this book has a unique blend of experience, ideas, 
resources, and needs. In the end, authors and pilot teachers developed 
the following two lists as guidelines. The first organizes the book’s 
information into six broad, sequential steps for implementing science 
instruction. The second, titled Helpful Hints, contains the most essential 
ingredients for success, as derived from the writers’ and pilot teachers' 
collective experience. 

Implementation Framework 

You may want to think of these steps as the process for building a car. 

The steps, when taken sequentially, will provide a solid “chassis" for giving 
students science-related learning experiences. Once you’ve built the 
chassis, get creative and have fun installing the “accessories” and applying 
the decorations! 

Step 1 Help students grasp why becoming an effective problem 
solver is so important. Discussions — better yet, 
demonstrations — of practical, everyday uses of physics in 
students' lives (at school, home, and work) will help them 
recognize and accept the relevance of physics-related principles. 

Step 2 Help students gain an understanding of the basic principles of 
physics and problem solving by structuring inquiry-based 
learning opportunities that follow the Five Es of Instruction 
format. The Five Es (which are described in detail on pp. 10-14) 
are: 



• Introduce a new concept to students with an engagement 
activity (optional). 

• Provide exploration activities for students. 

• Then, help students explain what they learned during 
exploration. 

• Evaluate students to make sure they understand the 
concepts being taught. 
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• Provide students with opportunities to extend their 
learning to other applications of the concepts and skills 
that have been learned. 



Step 3 Supplement Fun with Physics materials with other science 

resources. Fun with Physics was created as a practical guidebook 
instead of a comprehensive science curriculum. Supplemental 
materials are especially helpful during the explanation and 
extension phases of the Five Es. 

Step 4 Check the results of your physics learning activities. 

Strategies for assessing your instructional efforts, as well as the 
importance of checking the learning, are explained on pp. 

43-49. 

Step 5 Plan additional instructional strategies for students to 

extend their learning to other applications of the concepts and 
skills that have been learned. 

Step 6 Plan additional instructional strategies for students whose 

skills did not improve as much as needed. You may want to seek 
help from colleagues concerning students who continue to 
struggle. 

Step 7 Provide frequent opportunities for all students to practice 
problem solving. 

Helpful Hints 

Teachers who authored and piloted Fun with Physics made the following 
suggestions: 



Materials that offer 
additional hands-on science 
activities are suggested in the 
Resources section, Appendix 
B, pp. 299-317. 



This step corresponds with 
the evaluation phase of the 
Five Es. 



This step corresponds with 
the extension phase of the 
Five Es. 

The problem-solving skills 
developed through science- 
related learning are a “must 
for success in the real world, 
so no student can afford to 
be left behind. 



9 Model problem-solving strategies. For example, explain your 
rationale for making decisions while solving problems. 

9 Provide frequent and varied hands-on practice, in an 

atmosphere that fosters curiosity and risk taking. 

9 Value the different and unique ways that students explore. 

9 Base learning activities on students’ interests. 

9 Instill confidence in students’ abilities to solve problems. 








V Provide students with sufficient materials, information, and 
space for learning. 

9 Provide opportunities for students to solve problems 

cooperatively (e.g., to work individually but share ideas with 
classmates, to work in assigned pairs, and to work in assigned small 
groups). 

V Vary practice circumstances to mirror those found in the 
workplace. Have students work on some tasks individually, some in 
pairs, and others in small groups of 3-5 students. 



Notes 
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Real-Life Problem Solving for Grades 4-8 
Learning Concepts & Strategies 



This section describes the learning concepts that undergird the real-life learning 
activities developed for this book. It also outlines teaching strategies for 
building a learning environment that develops scientific thinking and problem 
solving. 
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Inquiry-Based Learning 



What Do We Mean By “Inquiry-Based Learning?” 

Many teachers spend a considerable amount of time and energy trying to 
figure out how to get students interested in, motivated about, and able to 
remember what they are taught. A strategy that has worked for a wide 
variety of teachers (and their students) is inquiry-based learning. This 
instructional strategy puts the student at the center of the learning 
process. The student gains an understanding of the material through 
active participation rather than from passive activities like listening and 
taking notes. When using an inquiry-based learning format, teachers 
provide students with opportunities to ask scientific questions, then 
to answer those questions for themselves through investigation . 1 
Teaching through inquiry also helps teachers wishing to integrate their 
curriculum. 

The following example gives a brief comparison of how a lesson can be 
taught using traditional instruction and inquiry-based instruction: 

Traditional instruction 

The teacher’s objective is to teach students about potential and 
kinetic energy. She does a short lecture, during which she defines the 
two terms and gives examples. She then provides a demonstration of 
the scientific principles using a wind-up toy. Students’ understanding 
of the principles is tested on a written unit test. 

Inquiry-based instruction 

The teacher’s objective is to help students understand potential and 
kinetic energy. First, she structures and assigns a hands-on learning 
activity during which students build a roller coaster (with pipe 
insulation) and explore how a marble travels through it. After students 
explore, the teacher facilitates a class discussion during which the 
scientific principles involved in the roller coaster course, including 
potential and kinetic energy, are discussed. The class also brainstorms 
where examples of the principles can be found in their everyday lives. 
This integrated activity lent itself to additional activities, including 
measuring angles, calculating rate of travel, and creating a commercial 
that advertises the roller coaster. Students’ understanding of the 
principles is tested through teacher observations (and grading with a 
rubric), journal entries, and a performance assessment. (Note: A 
roller coaster learning activity is included on pp. 169-178 of this 
book.) 

IS 



1 Science With Reason (1995) p. 7. 





Studies show that passive 
learning is much less effective 
than active learning. Even 
more important than such 
studies is wisdom derived from 
personal experience. Most of 
us have experienced firsthand 
both passive and active 
learning. Wasn't it much 
easier to both comprehend 
and retain information that 
you experienced in a lab 
setting than information you 
heard during a lecture ? 






When structuring learning activities of this type, teachers should consider 
these inquiry-based instructional characteristics 2 Inquiry-based 
instruction: 

9 Starts with questions 

9 Engages students actively 

9 Concentrates on collection and use of evidence 

9 Requires clear expression (e.g., written and verbal communication) 

9 Uses a team approach 

9 Does not separate knowing from finding out 

9 Welcomes curiosity and rewards creativity 

9 De-emphasizes memorizing technical vocabulary 

Why is Inquiry-Based Learning Important to Scientific 
Problem Solving? 

Solving science-related problems requires inquiry — sometimes called the 
scientific process, which includes predicting, testing, observing, and 
concluding. So, it makes sense to help students explore concepts through 
inquiry as part of teaching problem solving. Since inquiry-based learning 
helps students to gain an understanding of the material through active 
participation, they are more likely to remember what they learn. 

An Inquiry-Based Learning Model 

Many teachers have used the Five Es of Instruction, an inquiry-based 
learning model, with great success. The Five Es, which is an expansion of 
the learning cycle, can be used as a format for structuring lessons that 
allows people to learn through an inquiry-based process. The 
components of the Five Es are listed and described below. 

Engagement 

How will you introduce the topic and get students interested ? What 
“hook” will you use to motivate students to learn more about the 



2 Benchmarks for Science Literacy (1993) professional development CD-ROM 








topic? How will you promote excitement? Engagement usually 
involves students in a thought-provoking or discrepant event. 
Demonstrations followed by an entire-class or small-group discussion 
are often used. In science education, the engagement step usually 
helps students gain insight into their preconceived ideas about a given 
concept. 



Note: This step is optional. 
Sometimes, the exploration 
activities outlined in the next 
paragraph are sufficient 
"hooks" to engage students. 



Exploration 

What hands-on activities (e.g., investigations, discussions, individual 
and/or cooperative group activities) will guide students to make 
observations, identify patterns, and collect data? Please note that during 
exploration, students are not given explanations about what to expect, 
why things happened as they did, or new vocabulary. 



Explanation 

In this stage, the teacher's Job is to help students draw conclusions and 
form new ideas from their observations and the patterns that surfaced 
during exploration. Traditional instructional strategies (e.g., demon- 
strations, short lectures, lecture-discussions, textbook assignments, 
team reports, video tapes, and library research) may be included at 
this time. 



Evaluation 

How will you confirm that students understand the concepts and processes 
delivered during their inquiry-based learning experience? Both traditional 
testing methods (e.g., quizzes, unit tests, essays) and practical 
assessments (e.g., spontaneous oral reports, teacher observation, and 
reflective journal entries) can be used. 

Extension 

What possibilities exist for building upon what was learned in this activity? 
In this segment of the model, teachers help students use what they 
learned to solve new problems. 

Example of the Five Es in Action 

Here’s how one teacher used the Five Es format to structure a physics- 
related learning activity. Feel free to use it to create your own scientific 
exploration! 




A teacher wanted to introduce the principles of electricity to her sixth- 
grade students. Beginning with a discrepant event, she asked 
students to predict what would happen when she touched a pickle 
with 2 wires that were attached to a battery. After the students 

20 



Engagement 



-• 
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Exploration 


• 

offered a wide range of predictions, she poked a wire into each end of 
the pickle and it lit up! She then explained to the students that they 
would have the opportunity to explore why that happened. 

Immediately following the introduction, the teacher provided each 
student with a zip-type sandwich bag containing a battery, 2 coated 
copper wires, a flashlight bulb, a bulb holder, and masking tape. She 
did not give any specific instructions. She simply challenged them to 
make the battery light up. As students worked, the teacher walked 
around the room to observe what they were doing, to give hints to 
students who were “stuck,” and to provide input and direction by 
asking open-ended questions. She did not give any answers, but she 
encouraged students to share ideas with each other. After the 
students tried several methods for lighting the bulb, the teacher 
distributed a worksheet titled "How many ways can you make a bulb 
light?” Students were asked to draw diagrams in two columns: “Ways 
the Bulb Lit” and “Ways the Bulb Did Not Light.” 3 

The next day, the class reviewed the worksheet. Then the teacher gave 
each student a zip-type sandwich bag containing 3 batteries, 8 coated 
copper wires, 4 flashlight bulbs, 4 bulb holders, and masking tape. 

She challenged them to learn everything they could by connecting the 
materials. Again, no further instructions were given. As she circulated 
among the students, most of them highly motivated, she asked 
questions such as, "What would happen if you connected two or more 
bulbs?” and encouraged students to learn from each other with 
comments like, “Maybe Andrea can explain to you how she connected 
her bulbs.” For homework, students completed a worksheet 4 that 
required them to predict which battery-wire-bulb configurations would 
make a bulb light and which would not. 


Explanation 


Once the students had been given plenty of time for exploration, the 
teacher facilitated a class discussion during which they shared what 
they learned from the experiences. The teacher asked questions like: 

“To light the bulb, what specific places on the battery must be 
touched?” 

“How could you get your bulb to shine most brightly?” 


• . 


learning activity from the Electricity book developed by TOPS Learning Systems. 
See description in Appendix B, Guides for Educators Section 
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“How could you attach your bulbs so that they all light up?” and 
"Were they all equally bright?” 

■ "What other observations did you make?” 

“When two or more bulbs were attached, how could you get them 
to shine the brightest?” 

"What conclusions can you draw from your observations?" 
“Suppose you had a string of Christmas tree lights and a bulb 
burned out. What would happen? Why? What would happen if 
appliances in your home were arranged like Christmas tree lights?" 

Next, the teacher guided class discussion to help students make 
generalizations about electricity, including the following: 

• Metal ends of batteries, wires, and bulbs need to be joined 
together in order for the bulb to light. Students labeled this a 

circuit. 

• Bulbs attached beside each other (students labeled these series 
circuits ) were brighter than those attached in a row (students 
labeled these parallel circuits). 

• The more batteries in a circuit, the brighter the bulbs glow. 

• The more bulbs in a circuit, the dimmer the bulbs glow. 

Finally, the class brainstormed how principles of electrical circuitry are 
used in their homes, school, and community. 

Since the teacher’s objective was that students gain a general 
understanding of batteries and bulbs, she checked individual students' 
understanding of the principles of electricity by giving a quiz. 

Students were asked to reconstruct six electrical circuits from diagrams 
and explain how each circuit worked. (Note: This could have been done 
as a performance assessment.) In addition, the teacher reviewed 
students’ journal entries to check for their understanding of the basic 
principles related to electricity. 

Once the students demonstrated a basic understanding of primary 
electrical principles, they were assigned new problems that required 
them to apply what they had learned to real-life situations. Activities 
included: 

• Building an electrical game board 

• Designing a flashlight 

• Constructing buildings that light from empty food boxes and the 
electrical supplies that were used during the unit and putting each 
team’s building together to create a “city of lightk/’l 2 2 





This type of inquiry-based “teaching,” conducted after students 
explored the concepts for themselves, helped students absorb the 
concepts and apply them to practical situations. 

What is the Teacher’s Role in Inquiry-Based Learning? 

Since inquiry-based learning is student centered, the teacher becomes a 
facilitator rather than a “bestower of knowledge.” Facilitator is a new role 
for many teachers. The information presented in this section is designed 
to help teachers transition more smoothly into this role. Facilitating 
inquiry-based learning requires: 

• Determining the content that will be studied 

• Organizing exploratory experiences for students 

• Facilitating student questioning 

• Assessing what learning has taken place 

In short, an inquiry-based teacher provides a framework for collecting 
information and making generalizations. 

Specifically, the teacher uses the Five Es of Instruction to structure a 
learning activity. First, she provides a motivating activity, then explains 
what is expected in the exploration activity — including safety precautions. 
Next, she steps back and allows students to discover answers for 
themselves. (This is sometimes the hardest thing for teachers to do!) 
Once discovery has occurred, the teacher helps students synthesize what 
they have learned, label it, and apply that understanding to other 
situations. In this way, teachers facilitate the learning process rather 
than control or direct it. 

In inquiry-based learning, the facilitator also functions as a resource 
person for students. For example, a resource person assists students by 
encouraging them to locate answers to their questions rather than giving 
the answers. A resource person gives only information that is absolutely 
necessary and lets students discover the rest for themselves. 

To be successful in the facilitator and resource person roles, you may need 
to develop skills in some different instructional methods, including those 
outlined in the following pages. 





Instructional Method Explanation/Examples 



• Put students in the center Learn facilitation skills and become proficient in them, so that you 



become an expert at drawing students into the center of their own 
learning. 



asking questions. For example, all students used the same 
materials in an experiment, but some bulbs are dimmer than others. 
Ask the class, “What could some students do differently to make 
their bulbs brighter?" Discussions are excellent tools for evaluating 
student learning, discovering extension opportunities, helping 
students clarify ideas, and more. 



questions that help students share the logic and reasoning behind 
their ideas. Then encourage all students to test these and their own 
hypotheses and predictions while completing the exercise. After 
exploration, guide the students to discuss their test results with the 
class. In this way, the facilitator is encouraging students to 
synthesize their understanding and share that knowledge with 
peers. Some questions teachers ask include: 5 

Draw out the student’s reasoning by asking, “Are you saying 



Help students provide validity to their statements by asking, 
“Why do you think...?" 

Help students identify alternatives by asking, “Couldn’t it be 
right that...?” 

Help students provide supportive evidence by asking, “How do 
you know that ...?” 

Lead students to find supportive evidence by asking, “How 
might we find out whether...?” 




• Include process skills in 
learning activities so that 
students can learn and 
practice them. 



See pp. 24-28 for a complete description of process skills and 
sample learning activities. 



• Lead discussions. 



Guide students into discussions by making observations and 



• Use discussions to 
stimulate logic, reasoning, 
and communication skills. 



For example, present an exercise to the class. After allowing 
students time to process the information, ask a few to share their 
hypotheses and make predictions (or guesses). Ask probing 



that...? 




5 Questions were adapted from Matthew Lipman’s work, which is cited in Science With Reason, pp. 36-37. 






Instructional Method 


Explanation/Examples 


• Embrace the concept of 
not knowing the answers to 
student questions. 


Get comfortable with sentences like, "1 don’t know.” and “That’s a 
new one on me!” Equally important, follow up sentences like those 
by asking questions that lead students to finding their own 
answers, e.g., “What could you do to find out?” In this way, you are 
modeling the behavior you are instructing students to adopt. 
Additional information concerning questioning can be found in the 
rest of this table and on pp. 18-21 . 


• Create an instructional 
environment that 
promotes inquiry-based 
learning . 


For inquiry-based learning to achieve the desired results, you should 
build a “safe” environment for participation. For example, when 
questioning, your tone of voice must convey a sincere desire to know 
the answer. In addition, your behavior (i.e., verbal and nonverbal) 
must consistently show students that a wrong answer is okay. For 
example, avoid right or wrong labels; redirect the student instead, 
e.g., “Is there another method/alternative?” Furthermore, you 
should use positive feedback, e.g., “Sally, you’ve really been persistent 
when doing this exercise. Good job!” Positive feedback also 
encourages enthusiasm, 
i . 


j 

• Replace “bestowing 
knowledge ” with asking 
questions. 


1 

Effective questioning is one of the most difficult facilitation skills to 
develop. Mastering it requires significant planning and commitment. 
Many teachers find the following strategies helpful in becoming a 
proficient questioner: 




Prepare start-up questions in advance, making sure they 
cover the key points of the discussion. 




Ask open-ended questions — anything that cannot be 
answered with “yes” or “no.” 




Prepare questions that require students to think critically 

in order to explain their observations and draw conclusions. 
Let’s use the light bulb exercise as an example of critical 
thinking questions. You could ask students to: 




• Explain what they observed by asking, “Why is there a limit 
to the number of bulbs that will light up with one battery?” 

• Synthesize what they learned by asking, “What can you 
generalize about all circuits?” 

^5 
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Instructional Method 


Explanation/Examples 


• Replace “ bestowing 
knowledge" with asking 
questions, (continued) 


• Develop predictions based on what they understand to be 
true by asking, “What would you predict will happen when 
more batteries are used?”) 

• Apply what they learned to other situations by asking, 
"When planning electrical circuitry for a new building, what 
do engineers need to consider?” 

When appropriate, answer students’ questions with other 
questions, and/or direct them to other students for answers. 

After asking individual or teams of students a question, allow 
5-10 seconds of silence (which is sometimes called wait time) 
before giving a prompt or calling on someone else. Wait time 
encourages participation from students who lack confidence 
and/or who prefer to mentally check their answers. 

Ask questions without bias. Demonstrate equity by: 

• Posing the same number of questions to males and females 
and to students of all races and physical abilities 

• Asking challenging questions of males and females and to 
students of all races and physical abilities 

• Following every student’s answer to one question with a 
second, more difficult question. Refer to the "Gender Equity: 
What Can Teachers Do?” section on pp. 33-37 for 
additional ideas. 

In addition, see the following page for lists of questions that 
teachers might ask students during science-related learning 
experiences. 



2 € 









Inquiry-Based Learning: Questions Teachers Might Ask 

Questions that teachers can ask students to encourage them to explore 
and synthesize the concepts they’re studying are virtually unlimited. The 
following sample of open-ended questions can be particularly useful in 

exploring scientific principles. 

What would happen if ?” For example, "What would happen if you 

added more batteries?” 




“What makes you think that?” 

“What else could you try, in order to find out?” 

“What would you predict?” 

“How do you know?” 

“What isn’t being considered?” 

“What are the facts and limitations?” 

“What is (or can be) reasonably inferred?" 

“What potential outcomes and/or precautions should be considered?” 

“What do you need to consider in order to determine ?” 

Teachers can also ask specific, open-ended questions that guide students 
in investigating systems and solving problems related to those systems. 
The questions listed below 6 can be especially helpful to you in guiding 
instruction on practically any system. 

1 . “When this system is working, what does it do?" 

2. “Must this system receive input in order to function?” 

3. “What, if any, output does this system produce?” 

4. "Identify at least four parts of this system. Describe what each part 
does, and tell how each part contributes to the system as a whole.” 

6 Benchmarks for Science Literacy (1993) professional development CD-ROM 
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5. “Choose an interesting part of the system and list at least four words 
or phrases that describe that part. Which, if any, of those words or 
phrases also describe the whole system?" 

6. “Could any of the parts of this system be made of different material 
without affecting how the system works? Explain.” 

7. “Can any one part of the system do what the whole system does? 
Explain.” 

8. “Can you take a part from another system of the same kind and use it 
to replace a part in this system? If you do so, will this system work 
the way it does now?” 

9. "Identify at least two parts of this system that must interact if the 
system is to function. Describe how these parts interact. Could the 
parts of this system be arranged differently and the system still 
function?” 

10. “What is the boundary of this system?” 

11 . “Can you identify any subsystems within the whole system? If so, 
describe one.” 

12. “Does this system require symmetry between any of its parts? If so, 
describe the symmetry.” 

13. “Describe how the functioning of this system would change if one of 
the parts wears out.” 

14. “If this system stops working, how would you go about fixing it?” 

15. “Give an example of how this system might respond to a stimulus 
from outside itself.” or "Give an example of how this system might 
respond to a stimulus from the environment outside the system." 

16. “In what way is it useful to think of this item as a system?” 

17. “Could someone develop a computer simulation of this system? 
Justify your answer.” 





Example: Students can study systems by analyzing a specific toy as a 
system. Sample questions that could be used to facilitate inquiry-based 
learning in this situation are listed below. 

“How does this part help the toy work?” 

"How did you figure out what this part does?” 

“If the part does not help the toy work, is there some other reason 
that it is important to the toy?” 

“Does this part affect other parts of the toy in any way?” 

“If you put the parts of this toy together in a different way, would it 
still work like it does now? Explain your answer. Use drawings, if 
you wish.” 

“Could you take away any part of this toy without changing the way 
the toy works? If so, which part(s)?” 

“Let’s take the information you learned about systems from this toy 
and see how it applies to things around the school. Can you 
identify three parts of our school’s system?” 

“How does each part affect the other two?” 

“If you took one of the three parts away, would it affect our school’s 
system?” Please explain.” 

Example: Here are some questions that could be asked of students who 
are studying the bicycle as a system. 

cffe “Identify at least six parts of the bicycle. If you don’t know the 
name of a part, make up a name. Explain the function of each 
part.” 

cfe “The seat is one part of the bicycle. Use three words or phrases to 
describe the seat. Do any of these words or phrases also describe 
the whole bicycle?” 

Gffei “Could any part of this bicycle be made of a different material and 
still help the bicycle carry out its function?" 






efcb “Can any one part of the bicycle carry out the job of the whole 
bicycle? Explain your answer.” 

“What parts of the bicycle must work together if you want to ride 
around a corner?” 

effe “Can you take a part from another bicycle and use it to replace a 
part in this bicycle and still have the bicycle carry out its 
function?” 

effe “Could some parts of the bicycle be arranged differently and the 
system still carry out its function? Explain your answer.” 

cffe “Can you identify any subsystems within the whole bicycle system? 
If so, describe one subsystem.” 

efe “Does the bicycle require symmetry between any of its parts? If 
so, describe the symmetry." 

efe “What will happen to the bicycle if one part, such as a spoke, 
breaks? What if all the spokes break?” 

c£fe> “Is it useful to think of a bicycle as a system? Justify your answer." 

“Now think about our cafeteria system for a minute. In what ways 
does it function like the bike system?” 



Notes 






Inquiry-Based Learning in the Real World: A Teacher’s Reflections 

Dear Fun with Physics User, 

Students arrive in our classrooms with a variety of perspectives on science — depending on 
their past experience. Our job is to create an environment in which each student can learn the 
objectives and skills set by us and the curriculum. Inquiry-based learning is one of the best 
ways I've found to create such an environment. However, success in this endeavor requires 
experience, knowledge, personal commitment, and organization. Most important, successful 
teaching through inquiry requires a student-centered mind-set that is obvious at all times. 

This book can help you gain knowledge and experience; commitment is an individual task. So, 
III share some key points Ive learned about organization and the student-centered mind-set. 

Organization and Focus. I design textbook reading and note taking into most learning 
activities. My 6th-graders read background information as preparation for the lab portion of 
the exercise. They must take notes — one note per paragraph. The reading familiarizes 
students with the general topic; note taking helps with retention and keeps them focused. 

Organization and focus can be achieved in the lab experience, too. I start by clearly defining 
the objectives and skills to be targeted, then wrap them into the scientific process to create a 
learning activity that provides a feeling of discovery for my students. My lab exercises usually 
begin with a question developed by either the students or me. Research follows; it can be as 
simple as the verbal description of a ping pong ball or a written report. Next, students write a 
hypothesis — a guessed answer to the lab question. Then they complete the experiment part 
of the lab, focusing on answering the question. Students are given supplies and/or data with 
which they can work out an answer. To keep them focused on the question, I write it on the 
board or have students write it in the notes section of their folders. My labs end with clean- 
up and sharing what we learned through verbal, dramatic or similar presentation. Consistent 
with the scientific process, students answer the lab question while sharing lab results. Often 
results lead to more questions, which can be investigated in future lab experiences — either in 
the classroom or at home. My most successful labs have been those that prompted students 
to involve their families in an extension of the learning at home. 

Student-Centered Retention. I frequently tell my students, ’ Knowing the meaning of a word 
is power." For this reason, the students and I create vocabulary words from both the textbook 
reading and the lab experiences described above, and a student lists them on the board. The 
class defines the words based on these learning experiences. Then they verify the definitions 
with a dictionary. Finally, the words and definitions are stored in the vocabulary section of 
students’ folders. These can be used later in an assignment; however, most frequently the 
words are seen again in future reading or in a test question only. 

Potential Problem with Student-Centered Methods. Inquiry-based classroom experiences 
allow students to take significant responsibility for their learning. Teachers must be cautious, 
however, about assuming that because the student completes the experience, learning has 
occurred. Ways I have found to avoid this potential problem are to: (1 ) keep students focused 
on the learning procedure, and (2) stay organized. The methods I described in this note really 
help! I hope that sharing some of my experiences with inquiry-based learning encourages you 
to try it yourself. The time and energy required to gain knowledge and experience in this 
method, as well as to maintain focus and organization, pays huge dividends in successful 
learning outcomes. 

Wishing you much success, 



Patricia Bosh 

Mifflin International Middle School Teacher and Fun with Physics Author 
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Process Skill Development 



What Do We Mean By “Process Skill Development?” 

Learning subject matter content (e.g., facts, theory) has always been a 
primary function of instruction. Such learning is especially important in 
science, because students must understand basic scientific principles in 
order to become proficient in competencies identified by science 
educators. Similarly, to be successful on the job, workers must understand 
the scientific principles that underlie systems they work with. 

However, learning such content is not enough. People also must be able 
to apply their content knowledge in problem solving situations. 

Developing process skills meets this need. When paired with scientific 
knowledge, process skills allow students to participate in the scientific 
process. 

The Process Skills Checklist on the next page defines the process skills 
generally used in science education. You may wish to use it to identify the 
process skills you are currently helping students develop and practice, and 
other skills you want to work on. (In addition, see the information 
concerning assessment, on pp. 43-51 , where you will find a sample tool 
for assessing students’ process skills.) 

Why Are Process Skills Important to Instruction? 

Process skills, when coupled with subject knowledge, lay the foundation 
for people to successfully solve problems in real-world situations. 
Traditional teaching curricula and methods already successfully impart the 
necessary facts, data, and theory. However, most do not include learning 
activities aimed at developing process skills. Consequently, teachers of 
all levels need to add process skill development to their science 
instruction plans. 

The benefits of process skill development go beyond creating better- 
skilled problem solvers, however. When learning activities are geared 
toward helping students practice process skills, the learning becomes 
more active. And active students learn more than those who listen to 
lectures or observe demonstrations. 





Process Skills Self-Check 



Instructions: In the first column, check the process skills that you currently use in instruction. In the 
second column, check those skills you'd like to add or expand upon. Use the resulting information as 
you choose learning activities from Fun with Physics. 



S' 

□ 



□ 



0 ? 



V 

□ Categorizing or classifying: Arranging objects or systems into categories based on 
shared characteristics. Can also refer to labeling objects or systems based on unique 
characteristics or some other specified criteria. 

D Communicating: Conveying information (e.g., insights, explanations, results of 

observations or inferences, measurement) to others. Communication methods might 
include verbal, pictorial, graphic, or symbolic presentations. 



D □ Comparing: Relating one thing to another in order to identify similarities and 

differences. 



□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 



□ Controlling variables: Holding all variables constant that impact an experiment or 
situation, except one variable whose influence is being investigated in order to 
evaluate changes in the others. 

□ Experimenting: Testing a hypothesis through information gathering. 

D Hypothesizing: Forming precise questions to be tested scientifically. Formal 

hypotheses are stated so that each explanation may be tested and, based upon the 
results of those tests, accepted or denied. 

CD Inferring: Suggesting explanations, reasons, or causes for observed events. 

CD Interpreting data: Studying data, then summarizing its implications in the context of 
a scientific investigation. Familiar language should be used to describe the 
significance or meaning of data and observations. 

CD Making models: Constructing a representation of a system that is based on 
observations and inferences. 

CD Measuring: Using instruments to define objects or systems quantitatively, either as 
compared with others or as compared with a standard. Measuring includes the 
monitoring of changes in size, shape, position, and other properties. 

CD Observing: Using the senses and extensions of the senses to closely examine or 

monitor a system, noting and recording aspects that are not usually apparent under 
casual scrutiny. 

£3 






□ 

□ 

□ 



□ Ordering: Using observed characteristics to organize objects or systems in a 
sequence. 

I | Predicting: Forecasting a future observation or the next occurrence in a system or 
series of events based on prior observations and inferences. 

I I Recognizing relationships: Interpreting interactions between different 
components of a system. 



□ 



□ Recording: Creating a written record of observations made during experimentation. 



Notes 




How Can Teachers Help Students Develop and Practice 
Process Skills? 

Students learn process skills most effectively through practice. 

Frequently, these skills can be integrated with instruction about scientific 
principles. The learning activities provided in this book allow students to 
practice a wide variety of process skills while learning basic scientific 
principles. (The first page of each learning activity outlines the process 
skills that are targeted. And a chart that identifies the process skills 
included in each learning activity is located in Appendix E, pp. 330-334.) 

In addition, there are probably situations that are more suited to direct 
instruction of process skills. Teaching process skills in isolation 
provides students with the foundation skills needed for future 
scientific problem solving. Let’s use the process skill of classification for 
a practical example of direct instruction of such skills: 

Scientists put the objects they study into categories in order to 
understand similarities and differences — the classification process. 
Similarly, the ability to organize (e.g., information, inventory, budget 
data — even people) is important for success at work. Students can 
develop these important organization/classification skills from 
activities that help them to sort objects with the same or different 
characteristics. Some sample classification activities follow. 

Classification Activity: Observable Characteristics 

Procedure 

1 . Provide teams of 2—4 students with items they can use to practice 
classification (e.g., toys, buttons, toy cars/trucks, fruits, vegetables, 
flowers, leaves, shells, counting manipulatives, stones, keys, kitchen 
utensils, tools, cutouts of geometric shapes, natural vs. manufactured 
items, items of clothing). 

2. Instruct individual students to examine each object, looking for their 
observable characteristics. In other words, have them describe the 
objects by characteristics such as color, shape, texture, and size. 

3. Have each student in the team describe the characteristics of one 
object to the other team members. 






4. Tell each team to put all items into two piles — depending on the 
similarities and differences of their observable characteristics (e.g., all 
large objects in one pile and all small ones in another; all red objects 
in one pile and all non-red objects in another; all objects with wheels 
in one pile and all objects without wheels in another). 

5. Help students discuss the criteria that they used to separate the 
items. 

6. Direct students to construct a dichotomous key (or chart) similar to 
the sample provided here. They should classify objects until all items 
have been separated singularly. (Note: When this process skill is 
being introduced to students for the first time, the key can be 
developed by the whole class, with coaching from the teacher. Once 
students gain experience with the classification process, the chart 
should be completed in small groups and/or individually for more 
effective practice of the skill.) 

Extension activities 

After students and/or teams complete their charts: 

♦ Introduce 2-3 new, related objects. Have students “test” their 
charts by adding the new items to it. 

♦ Instruct a representative from one team to read a description (i.e., 
the characteristics) of an object on their chart to the entire class. 
Then have classmates determine which object is being described. 

♦ Place sets of different kinds of objects at different stations. Have 
teams of students rotate from station to station, developing a chart 
for each set. Later, have them compare and contrast all the charts 
from each station. 

♦ Have each student choose from the team’s objects 5 items that share 
a common observable characteristic. Then have team members 
deduce which characteristic all 5 items share. 

♦ Have students identify the relationships between machines. Have 
them complete a Venn diagram to show the relationship. For 
example, clocks and can openers both have gears. 
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Problem-Solving Skill Development 



What Do We Mean By “Problem-Solving Skill 
Development?” 

In the last section, we discussed how learning the content isn’t enough 
for students to employ the scientific process. We described how teaching 
process skills is appropriate and often necessary for students to have a 
strong enough foundation to solve scientific problems. Likewise, it is often 
appropriate to teach students about solving problems. In addition, by 
teaching students a process for solving problems, we are teaching them 
how to solve problems in non-science areas as well. Therefore, instruction 
about problem solving provides an easy and effective method for 
integrating subject matter. For example, when designing and reporting 
about their invention, a team of students can use communication 
(English), science, math, computers, social studies, and other subjects. By 
conducting integrated learning activities, such as solving problems, we are 
helping to prepare students for the workplace — where integration is an 
everyday occurrence. And as our world becomes increasingly technology- 
rich, skills like those listed in the next paragraph will become critical to 
students’ ability to perform any job. Obviously, the development of 
problem-solving skills is imperative for every student. 

For these reasons, the authors have included some basic problem-solving 
information. The general concepts are outlined below. Practice activities 
for solving problems can be found on pp. 55-86. 

Identifying Problem-Solving Skills 

Teachers can help students develop the skills needed for becoming both 
scientific thinkers and effective worksite problem solvers by providing 
opportunities to practice solving problems. Success in such areas 
requires people to develop the ability to: 

► Understand cause-effect relationships, e.g., What parts of systems 
affect and are affected by other parts? 

► Make comparisons, e.g., What commonalities and differences do 
systems have? 

► Recognize probable outcomes, e.g., How will the system react to a 
specific action? 
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Note: Remember to organize 
students into both same- 
gender and mixed-gender 
teams. See “Gender Equity: 
What Can Teachers Do?” on 
pp. 33-37 for more 
information . 




► Predict what should happen next, e g., Based on what has been 
observed, what is known about a specific system, and what is known 
about related scientific principles, make a prediction about what will 
happen next. 

► Judge spatial relationships, e.g., Visualize how a system operates and 
mentally rotate system parts to solve problems within a given system. 

► Notice what appears out of place, e.g., Observe a malfunctioning 
system in operation and identify the source of the malfunction. 

Strategies for Helping Students Practice Problem Solving 

To become expert problem solvers, students must be given opportunities 
to develop and refine such skills. Options for providing and promoting 
problem-solving practice are limited only by our creativity. The following 
guidelines may be helpful in stimulating your ideas: 

V Minimize instructions so that students are encouraged to invent 
innovative ways to accomplish their tasks. 

9 Provide students with a variety of materials from which to choose. 

V When students have questions, repeat the initial instructions 
without giving further information. This strategy encourages 
students to search for and/or create their own solutions. 

9 Allow plenty of exploration time. As long as students are actively 
engaged, learning is taking place. In addition, when ample time is 
given, students can pursue deeper levels of investigation. 

9 Encourage students to share ideas with each other. This strategy 
reflects how people solve problems in the workplace — with input 
from others. Most problem solving activities lend themselves to 
having students work individually or in pairs. Occasionally, it is 
appropriate for students to work in teams of 3-5. When students 
work individually, they should be encouraged to seek others’ input. 
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'9>' Give students opportunities to solve problems. Many commercial 
games require players to use problem-solving skills, including 
hypothesizing, categorizing, and drawing conclusions. Some games 
are listed below to help you get started. 



Abalone® 

Backgammon 

Battleship® 

Checkers 

Chess 

Chinese Checkers 



Connect Four® 

Mastermind® 

Mancala 

Othello® 

Quarto® 



Sequence® 

Shape by Shape® 
Tangoes® 
Tangrams 
TriOminoes® 



Several games on the list may 
not be available from local 
retailers. However, suppliers 
of instructional materials, 
such as William Sheridan & 
Associates, which is listed in 
Appendix B, pp. 314-315, 
should carry them. 



In addition, students can practice problem solving when teachers 
assign a weekly "brain teaser." Refer to books such as Games for the 
Superintelligent, More Games for the Superintelligent, Favorite Problems, 
and Super Problems or game card packs such as Mind Trap® 7 and 
Visual Brain Storms® 8 for ready-to-use activities. Information about 
the books is provided in Appendix B. 



A Problem-Solving Model 

The IDEAL 9 model, which is described below, is one well-known aid for 
teaching and improving problem-solving skills. It guides students through 
the problem-solving process. The IDEAL process includes the following 
steps: 

I = Identify the problem (e.g., determine what needs to be done) 

D = Define and represent the problem (e.g., sharpen and clarify 
the boundaries) 

E = Explore alternative approaches (e.g., analyze and evaluate 
alternatives) 

A = Act on a plan (e.g., determine the logical steps to be used 
and how to progress through the steps) 

L = Look at the result (e.g., determine whether or not the plan 
worked) 



7 Developed for teams, this game includes 500 classic puzzles, conundrums, murder 
mysteries, and trick questions. 

8 Visual Brain Storms: The Smart Thinking Game® and Visual Brain Storms 2® are 
distributed by Binary Arts Corporation. 

9 The IDEAL Problem Solver: A Guide for Improving Thinking, Learning, and 

Creativity (1984) 4Q 
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Problem-Solving Practice 

A variety of problem-solving practices, which use design, invention, and 
black-box activities as their foundation, are located on pp. 55-86. Also 
refer to the resource lists in Appendix B, pp. 299-317, for books, kits, 
computer software, and Internet sites that describe additional strategies 
for helping students practice solving problems. 



Notes 
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Gender Equity: What Can Teachers Do? 



An entire section has been devoted to this topic because educational 
equity is specifically relevant for teachers of girls who are entering middle 
or junior high schools. Research 10 has clearly shown that this is the age 
when girls’ self confidence (and resulting interest in science, math, and 
technology) tends to take a plunge. There are long-term consequences to 
these early-age decisions to take minimal science, math, and technology- 
related courses — the most significant of which is the restriction from 
entering high-paying careers. Not only does this affect the individuals, 
but it also affects our country's ability to be productive and remain 
competitive in a highly technical, global economy. 

In addition to providing teachers with information about gender equity 
and suggestions for addressing these subconscious biases, this section 
includes a career-related game called Women Scientists on pp. 38-41 . The 
game can help all students increase their awareness of options for 
choosing science-related careers. 

Why is Gender Equity Important? 

Teachers face an important challenge: to provide learning opportunities 
that will help all students succeed. Gender equity is an aspect of 
instruction that teachers need to consider in order to meet this challenge, 
especially when planning to help students develop science and related 
skills. Unfortunately, gender equity is often overlooked when developing 
math, science, and technology 
instruction. 

Many girls do not have the same types of experiences, either inside or 
outside of school, as boys. As a result, boys and girls have traditionally 
rece j vec | differing qualities of education even when they study in the same 
classroom. You may be skeptical about this conclusion, especially if you 
are male. Please don’t stop reading; review this simple list of biases to 
check it out for yourself. 



The focus of this section is on 
gender equity ; although 
generalizations about 
educational inequities can be 
made about many groups, 
including those who belong to 
racial minority groups and 
those who are disabled. 

It is important to note that 
instructional strategies that 
provide a good education for 
girls, in turn, provide a good 
education for all students. 
Equity is about supporting 
all students to achieve 
instructional goals by 
providing equitable 
opportunities for everyone 
in the classroom. 
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1 0 Girls in the Middle by the American Association of University Women (AAUW), 
1997. 








